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A BRIDGE-CONTROLLED 
OSCILLATOR 

• A BRIDGE-CONTROLLED OS- 
CILLATOR. having partirnlar ailvan* 
lages in use willi lf)>\-freijiienev ipiarlz 
erystals and l<)\v-fn*c|iiene\ namm-raiifre 
tuned eircuils, is slumn srlH'inatieally in 
Figure 1. The diagram indieates the ar¬ 
rangement for use Kith a SO- or l(M)-kr quart/ ervstal. A single-stage 
high-gain tuned amplifier is followed by a trirnle us4*d as a phas4*- 
iiiverter. T'he inverter is <•onlleeted to the hridgi* input terminals: the 
bridge output terminals an* eonneeted hark to the input of the high- 
gain amplifier.* 

First, eonsider the eonditions for halanee of the bridge; these are 

H, = H, /<4 

and X4 = 0. 

At halanee. the hridgf* output voltage is /A*ro and the ervstal reaetanee 
is zero, indieating that the ervstal o|H*rates at exaet s4‘ries-n*sonanee. 
Obviously no oseillations eoiild lie maintained under thes«* eonditions. 

Next, if the ratio arm K-l U* given a value of n*sistanee slightly less 
than that of the arm K-2, there will lie a small output voltage from the 
bridge in the eorrf*et phase to maintain osi'illations. 

'Thin IK m KiiliKlanliiilK Kiiniilifird iii<Miirir«iion of Mi^arham’* ovrillaior. 11 i* mIko rradily lo 

i>|Mtr«tion o»er « narrow liainl of frr<|ttriii’ip«. ”A Rrttigr-Sialiiliaril OKrilialor.** 1.. A. Mrarham. Pmc. 
Vol. 26. No. I«. On. ig.lR. p, 1278. 

Fl<;eRE I. Sclieiiiutie vireiiit diu^ram of the briilgr-eontrollcd ixsiMlIator. 
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Thift i’oiiflition is not gtal»lc; iho slight¬ 
est change in hri<lgf* halance coinlitions 
or in the gain of the aniplilier uoiilcl 
cause the amplitude of oscillation to in¬ 
crease or de(Tease. If the value of re¬ 
sistance of the arm [{-I he* made 
de)wndent on the voltage across it, 
then stable amplitude conditions \%ill 
l)e maintained. In this case, the value 
of R-1 must increase if the voltage 
across K-1 in<Teas«'s. If K-1 is a tung¬ 
sten filament lamp this condition is 
realizable. (In other arrangements of 
the bridge, a resistance whom* value 
decreases with increasing voltage may 
l»e nei*essary. In such case a carlNui fila¬ 
ment lamp could In* tis4*d.) 

With a 113-volt h-watt tungsten fila¬ 
ment lamp o()erated at 0.6 to 3.0 volts, 
resistances from al>out 300 to 600 ohms 
will be obtained. In the region of l.O 
volt the resistance is near TOO ohms. 
'riM?refore, if = Ri ami if a voltage 
of approximately 2.0 volts is impressed 
on the bridge input terminals, a resist¬ 
ance halaiu^e will l>e reached. 

As an oM’illator, assuming first that 
tlie amplifier is tuned for zero phase- 
shift, the system will o|M‘rate so that the 
lamp resistani’e is not ipiite equal to R-2. 
'file equilihriiim value will lie such that 
the loss from the input terminals through 
the bridge to tlie output terminals is ex¬ 
actly equal to the gain from the bridge 
output terminals tlirough the amplifier 
to tlie bridge input terminals. It is evi¬ 
dent that very slight changes in tlie 
lamp resistance will very greatly alTecl 
the magnitude of the bridge output. A 
change in gain of the ampliher is tlien 
immediately com|N*nsated for by a very 
slight change in lamp resistance, which, 
in turn, is produced hy an inappre<‘iahle 
changi* in tin! voltage across the briilge 
input terminals, or the level of o|N‘ration 
of the os<*illalor. 


The lanip-4'ontrolled bridge is there¬ 
fore a form of automatic level (or ''vol¬ 
ume’’) «-ontrol. In contrast to the usual 
forms of A.V.C^ circuits it has si‘veral in- 
ten'sting and iiiqx^rtant f)ro(N*rties. It 
has infinite cut-off, at halance, whereas 
A.V.C. circuits have restricted ranges. 
Also, since the lamp resistance cannot 
change materially over the time of one 
cycle of the oscillation frequeni'y. the 
lamp-<*ontrolled bridge intnNliices no 
distortion or phase-shift as regulation 
takes place, with tin* cons4*<pient altera¬ 
tions of the fre<juency of oscillation.^ 
ith conditions outlined alH>ve, the 
anqditude |N*rformam*e of the oscillator 
can In* calculated completely since the 
system is entirely linear. ith the bridge 
near halance, ami w ith R^ = Ri 3(H.MI 
ohms (which wcudd repres«*nt o|N*ration 
with a particniar 30-kc plated quartz 
bar), the net load on each half of the 
phase*-inverter would In* slightly less 
than TOO ohms. The gain of the phase*- 
inverter is: 

^out 2/1 


A = 




rp /f -f- /I -h 2 


where* R is the net resistamv of each half 
of the bridge load. The internal resist¬ 
ance of the phase*-inverter stage is: 


Rq — 


rj* 

M. 2 -fl 


VI ith a tube such as the 6J5-C, /i = 20, 
r/» = 7600 ohms and we find A = 0.92, 
Ro = 6^)0 edims. 

If we have nearly 2.0 volts across the 
bridge input terminals (to bring the 
bridge near balance), the input voltage 
to the phase*-inverier stage will In* 2 
0.92 = 2.17 volts. If the gain of the 
tuned amplifier is TOO (which can easily 
In! realizt*<l). then the iiqmt voltage 


^"Convtant Krr«|ii<>nrr OM'illnIttni,** F. K. l4*M0llvn. 
I'UOC. I.R.E., Vol. 1<). p. 2063. 1031« 
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would be 2.17/100 = 0.0055 volts, riiis 
voltage is obtained from the bridge out¬ 
put when the lamp resistanee is approx¬ 
imately one |»er cent lower than the re¬ 
sistanee of the fixed ratio arm, or 306.0 
ohms. Eaeh half of the bridge, consisting 
of 3000 ohms in parallel with 400 ohms, 
presents a load of 355 ohms to eaeh half 
of the phase-inverter, or a total load of 
710 ohms. With the internal resistaiRM* 
of the phas<‘-inverter, /fo, at 690 ohms, 
a very good [lower mateh is obtained 
from the inverter to the bridge. 

The conditions outlined so far can be 
repn‘sented in a vector diagram as show n 
in Figure 2. To avoid confusion, the 
voltages across the up[M^r and lower 
bridge arms, aiul the bridge output volt¬ 
age, are shown on separate lines. 

If next we cxmsider that the amplifier 
phas<?-shift is not zero, then the crystal 
phase-angle must assume such a value 
^ that the phase-shift through the bridge 
is equal and opposite to the phase*-shift 
in the amplifier, or the total phasi'-shift 
around the entire loop is ze*ro. These con- 
eiitions are outlined in the eliagram of 
Figure 3. 

From the diagram, even though it is 
not to sc'ale, it is evident that a given 
amplifier phase-shift is conifH^nsated by 
the bridge with the crystal phase-shift 
much smaller than that of the bridge. 
Since the crystal phasi*-shift is brought 
about by a change in ojierating frt‘- 
quency, the small value of phase-shift 
means a <x>rrespondingly small change in 
frequency. 

Finally, in practice, we re<piire a 
means of adjusting the o|jerating fre¬ 
quency over a small range around the 
true crystal series-resonant frequency. 
4'his is accomplished by placing a series- 
^ tuned L-C circuit in series with the 
crystal. When this circuit is tuned so 
that its reactance is zero at the crystal 
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Fic;crr 2. Vector diagram for operation with 
zero phase-Hhift in amplifier. 

frequency, and the amplifier is adjusted 
by test for zero phase-shift, then the oper¬ 
ating frequency is the series-resonant 
frequency of the crystal. If I he capaci¬ 
tance of the tuned circuit is made larger 
than the resonant value, the o[K*rating 
frequency is reduced; if smaller, it is in¬ 
creased. 



Figckr 3. Vector diagram for operation with 
amplifier phase-shift equal and opposite to 
bridge phase-shift. 


TheMJ conditions are shown in Figure 
4, where the ne/ reactance of the series 
tuned L-C circuit is \lc ami the net re¬ 
actance of the crystal is Ac. 

In actual operation, the resistance of 
the crystal is generally unknown, so that 

Figcrk 4. Vector diagram for operation with 
reactance added in »erieij with the crystal. 



■’ Bo- OUTPUT VOLTAGE 
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lli<* »il Hi lo tM|iial K 4 raiiiiol 

Im* made in advamv. (!o^^^•^nlelllly, it is 
convenient to u|H*rale the »*\stein so that 
ej = e 2 , v^liieli can Im* ehe< k«*d e\|K‘ri- 
inentallv. atijnstinj: H^ to ohlaiii this 
condition. Since the n‘sislanees of the 
arms K-3 and K-4 are siihslanlialK 
higher than thos<* of the ratio arms IL-l 
and K- 2 , exinsiderahle latitude in the 
values of H-3 and U-1 is |M»ssihle \%ithout 
siihstantially altering the voltage de- 
velo[>ed across the ratio arms. (Conse¬ 
quently, a rudimentary vac*uum-tul>e 
voltmeter can Iw built into the system 
indicating the voltage at the gri<l of the 
phase-inverter. Such a v<dtmeter is also 
necessary to indi<‘ate when i>scillations 
take place. Since the system is linear, 
plate- or grid-4!urrent meters are of no 
value for this pur|K>sc. \ parth'ular rea<l- 
ing of this vedtmeter then corres|M»nd 8 to 
the 4 -omlitioii that Ci = Cj. W hatever the 
value of the <’rystal resistance K-4, 
within reasonable limits for similar 
crystals. K -3 is adjusted to obtain the 
pro|>i‘r reading of the voltmeter.* When 
this is done, the value of l<-3 exceeds the 
value of K-l by a \ery small amount, the 
amount Uung invers 4 *ly de|H*mlent on 
the gain of the amplilicr. 

0 |M>ration liy this methoil opuis up 
the |K>ssil»ilily of measuring the char¬ 
acteristics of the crystal. From the ab 4 i>e, 
the value of K-3 slightly exceeds the re- 

»An ill ihr Ty|»r« 4»7S-r and l*ir*o-KI«'lrM* 0*t’il- 

THE EFFECT 
ON ELECTRICAL 

• AS SUMMER APPROACHES, 

we prepare for the usual <Top of <*om- 
plaints that <-ome in regarding the er¬ 
ratic l>eha\ior of electrh^al measuring 
equipment, particularly precision im- 
{ledance bridges. The various stories con- 

'Keprintcd from lit* Auf lut. 1943. imuc uf the E\p*rtntrnitr. 


sistaiice of the crystal plus the resistance 
*)f the imluctor. For comparative pur- 
|>oses thest‘ nee^l not Ik* st’paratcil. 

To determine the crystal reactanev, 
we adjust the L-d circuit to intro<liu*e 
known values «>f rea<*lancc \-l and 
X-2. Then: 

Xi -|- Ac ~ d = Ai -f" 2 AiA(i 
A 2 -h Ac = d = A, -h 2^3Ao 

W here Ai ami Aj arc the resulting fn*- 
ipiencv tleviations ami \ois the resonant 
reactam*e of the crystal, riien 



Using this mctluMl. the resistaiwc of a 
particular ty|K* of 5 d-kc (fuartz bar was 
27dd ohms, its resonant reactam*e was 
228 X Id® ohms. 1’he of tlu* bar, 

Ao /?. H as 8 l,.^d 0 . 

The metho«l is very us4‘ful in (*<»nipar- 
iiig the [lerformance of bars in pnalm*- 
li<in. The resonant rea<*tann*s of smdi 
bars are all the same, since the n*actancc 
dcfKMids on the cut and dimensions. 'I'he 
elTective resistaiu*t* of the bars is also de¬ 
termined by tlu* cut ami dimensions, but 
in addition de|K*mls u|K>n many other 
factors sm h as the ty |>e and comlition of 
the mounting devic'e, su|M*rsonu* ratlia- 
tion ami reflections. W hen* i«lenti«‘ai 
bars are l»eing pnK*essed, thcs«* fact(»rs 
can be controlled so that the «d»M*r\ed 
resistances are clost*ly the same. 

J. K. (Tapi* 

OF HUMIDITY 
MEASUREMENTS^ 

flict. Sometimes the bridge s<*ems to read 
high, sometimes low; the balance may 
drift badly <»r smhleidy jump to a new 
value; it may show increasing errors as 
the fre^pieney it;* lowereil. or the halam e 
mav shift with applied >oltage. At fir>l ^ 
glance it seems that there must 1 m* as 
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iiiaiiy raii:si‘s as kiinls of ♦•rror. Vclually, 
lliere is just om* raus<% liijili relalive liii- 
midit V. 

High relative iiiiinidil\ alTerls insula¬ 
tion in lw4> ways. If the insulation is 
[»orous. inoistiin* uill h(‘ ahsorlaMl into 
the voluine of the inateriaL while if 
moisture uels the surfa4’e. a thin film 
of water is hirnuMl covering the whole 
surface. W ater dislrihiileil throughout 
the interior of an insulator produces 
interfacial polarization whiidi <*auses an 
increase in capacitam*e. dissipation fac¬ 
tor, an<l \oiuine 4'ondu<‘tivity. 7’he 
amounts of tlwse imTeas4*s vary with the 
relative humiih'tv and inversely with the 
fre<juency.^ At 100% relative humidity 
and a freipiency of 60 cycles, increases as 
much as 50^/ in capacitance, of a million¬ 
fold in conductivity, amt up to a dissipa¬ 
tion factor of 1.0, are ipiite possible for 
such porous materials as filled anti lami- 
natcfl thernio-stMting plastics, manv 
lhermt>plastics and natural fibers like 
ctitton. wool, and silk, d’he rate at which 
a pt>rous material ahst)rhs y\ater antf the 
teiiataty yvith yNhich it holds it <le|M‘nd 
greatly on the cross section of the pt>res. 
W hen these ap()roach molecular dimen- 
sitms, as in silica gel, y\hich is a silicate 
haying microscopic pt)res |)rtaluced by 
suitable heat treatment, the material 
acts as a desiccant, anti tht* ahsorlKMl 
yyater can Ik* removed only hv heating 
al»ove the ht>iling point. Mica ami some 
wramios act in this manner. ()nly tpiartz 
and most glasses, some steatites, pt)lv- 
slyreiie, anti a few t>ther polyint*rs are 
free from vtduine absorptitm ami the 
at'companying tleteritiration of tlielectric 
pro[»erties. 

'I'he formation of a surface film of 
water on an insulatt>risdeterminetlhy the 
easi* with which water wets the surface, 

‘II. I''. I of Di'i'aiie C.«in* 

ilrii»rr«'■ l{4nliu tmfilter, Vul. WII, I\o, 5, 

O. I.. j.p. |.T. 


yvhich in turn is measuretl by the con¬ 
tact angle iH^tween the surface ami a drop 
t)f yvater t)n the surface.^ Most of the 
porous materials that shoyv large vol- 
time ahst>rptit)n also yvet very easily. A 
micrt>sct>[»ic rt)ughness of the surface 
helps film formation. Oiiartz, glass, anti 
steatite also yvet easily. Only wax. 
[>olystyrene, anti some other pt>Iyiners 
successfully prevent the formation of a 
c.ontinut>us film, d'he comlition t)f tht‘ 
siirfat^e is also iin[>t>rtant. Dust ami par¬ 
ticularly acid |K*rspiratit>n frtun haii- 
tlling greatly aiil wetting. The ctmtliic- 
tiy ily t»f even a thin film is enormous. 
Merely breathing on the surface of a 
gtaal insulattir like tpiartz will loyver the 
insulatitm resistance iKMween terminals 
spacetl % inch a|)art frtmi above 
10 MM il to fKdoyv I M \ film st) 
ftirnietl will vanish rapitlly if the surface 
is chemically clean ami the relalive hu¬ 
midity loyy . (Jn a tlirly surface, hoyvever, 
the film |H*rsisls anti can In* removetl tmly 
by tht>rough cleaning or by heating. 

Because there are no rigiil stable in¬ 
sulators which art* iinaflecletl by mois¬ 
ture. it is customary to impregnate them 
t)r at least tt) coat their surfaces yvith one 
of the yvaler-re|H‘llent substances such as 
wax, ptilystyrene, or the neyver silicon 
resins. Any of these materials ofx*rates 
successfully t)n the non-porous insu¬ 
lators, such as glass and steatite, st) long 
as j)erfoct atlhesion is maintained. Large 
changes in lem|)eralure. particularly 
toy^artl freezing, will pnaluce cracking 
anti chipping t)f the surface material Im*- 
caust* of the tliffercnces in tem|H*ratur(‘ 
cwflicienls of linear expansitin. ami Ik*- 
cause most coalings, the waxes in |)ar- 
ticular. bt*ct)me brittle at the lt>wer 
lem|H"ralures. \ny mt>islure film which 

^)n llir well naxeil ^iirfarr of an .iMioiuolMlr a 

ratn. lartsr ilrop* bIuioI hiiIi h piu<iII rr-eiilraiil lUitile, llir 
area n( rtmlnrl Iw’ine vMialler iImii tlir nMitiiiiiirii vefiion 
• if llte (irfip. 
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lIuMi forms lK*l\M*en the insulation an<l 
the coating jiersists arni can be removed 
only by complete cleaning of the surface 
or by heating. 

On porous inateriuls a thin protective 
coating is of no value becaus«‘ even llie 
waxes are themselves somewhat porous. 
Such a coating <le<Teases the rate at 
which moisture |H‘netrates to the inner 
niateriaK hut continued exjiosure to high 
relative humidity uill eventually result 
in tlie same etpiilibrium conditions. For 
reasonable success, wax coatings must be 
heavy, the result of multiple dippings, 
and of the order of 0.1 inch. 

In all General Radio instruments 
great care has l»een taken to provide 
adequate prolectitm against high relative 
humidity. All solid dielectric condensers 
an* hermetic.ally sealed or heav ily waxed. 
All high-valued resistors are waxed or 
similarlv [)n»tected. All steatite insula¬ 
tion is protected by a surface coating by 
the manufacturer. Mica-filled phenolic 
or [Kdystyreiie is usetl as insulation for 
mounting all high inqxMlances. Wirt's 
for cables are insulated with rubber or a 
synth<*ti<‘, with a lac(pj(*red identifying 
hraid. I'hese precautiims are siiflicient to 
allov^ normal o|>eration under 00% rela¬ 
tive humidity at 00° F. of all instruments 
exwpt the 0.1%. inqR*dance bridges. An 
even more severe test occurs when, at 
00% relative humidity, the temperature 
Ihu’tnates sufliciently to reach the <lew 
point and cause rlirccl moisture con¬ 
densation. Lnder these conditions the 
o|M'ration of an instrument may not 
meet catalog 8[K'cilication.s. If power is 
dissipated inside the instrument, the 
heat generated will (piickly evaporate 
the comhicting moisture fihn.s. Other- 
v\ise some time must elapse to allow 
natural evaporation. A lO-wutt lamp or 
other resistive load maintained inside 
the case will iisuallv [»revent condensa¬ 


tion. It will have, however, little effect 
on moisture absorption. 

'rile Type 716-H Capacitance Bridge 
is probably as greatly affected by mois¬ 
ture as any of our instruments. All 
steatite insulate<l terminals are wax 
coaled, the input transformer is wax 
sealed, and the bridge wiring is o|K*n 
bus. Only the 'IApe 722 l*recision Con- 
denser.used on the capacitance standard, 
is aflected by moisture, and that only in 
its dielei'tric losses, not in its capaci¬ 
tance. Its own dissipation factor is de- 
liiied hy its figure of merit F = DC = 
0.01 /ujuf, corrcs[H)nding to a ilissipation 
factor of the steatite stator sup(M>rt of 
0 . 004 . At about 60 % relative humidity, 
moisture ahsorption through the wax 
coating on these bars caust‘s their dissi¬ 
pation factor to rise. A tenfold increase 
at 00%, relative humidity must Ir* ex- 
jR^cted. 'Fhis will proiluce a negative 
error in the direct readuig of dissipation 
factor exactly equal to the increase in 
ilissipation factor of the precision con¬ 
denser. No error will appear in parallel 
substitution measurements. 

Another dielectric loss occurs in 
aluminum-plate air condensers under 
high humidity conditions from the ab¬ 
sorption of moisture by the aluminum 
oxiilc on the surface of all the plates. In 
its dry stale aluminum oxide has a small 
dissipation factor and imparts to the 
whole condenser a dissipation factor of 
only O.OOOOOOl, simx.* its contribution is 
proportional to the ratio of the thickness 
of the oxide film, about 10 millionths of 
an inch, to the plate spacing of 30 mils. 
W hen exposed to moisture the dissipa¬ 
tion factor of the oxide is an exponential 
function of the relative humidity,* in¬ 
creasing a decade of dissipation factor 
for every 15% rise in relative humidity. 

•A. V. A,)tin, "Naitire of Encritv Loe^^A in Air Capacitor* 
at Lo>» f requcnricA,*' Jfturntii uf Hest<ttrt:h of thtt Sational 
liureau of i>tarniariii. Vol. 22, No. 0. June. 1939. pp. 673-695. 
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A I 90% I lie air roiiilens«*r lias a 
tion factor of about 0.01. Since the <lic- 
Icctric lo88 occurs on the surfaces of all 
the plates, the air condeiisiT Udiavcs like 
a variable solid ilielectric condenser, and 
its dissipation factor does not cancel out 
even in parallel substitution measiirc- 
iiieiits. As liefore, the error in the bridjiie 
reading is negative. 

Holh of llies<* kiiuls of moisture ab¬ 
sorption in steatite and in altimiiiuiti 
oxide are troublesome when the relative 
humidity stays at 60*^^ throughout the 
day, since at this level only a half day is 
retpiired to attain etpiilibrium. \ rela¬ 
tive humidity of A0% causes no appre¬ 
ciable error, and even a riw* to 60% fol- 
loweil by a drop back to 40% within six 
hours will cause little trouble. The time 
needeil to attain eipiilibrium increases 
with the relative humidity and is at least 
three days at 90%. 

livery laboratory should be e(piip|M‘d 
with some type of hygrometer in onler 
that the possibility of errors in bridge 
measurements may be anticipated, riie 
ordinary hair hygrometer is very ustTuI 
in spite of its large errors iMU'ause it is of 
the imlicating type. A wet and dry bulb 
hygrometer should In* available as a 
check under extreme conditions. Keg- 
ular readings of relative humidity <lur- 
ing the summer months arc fully as im- 
IMirtant as are those of tem[N'rature, for 
the units lieing measured are in many 

SCHEDULED DE 

• MOST OF OUR CUSTOMERS 

who have to deal directly with pro<Mjre- 
meiit are familiar with tin* scheduling 
system under which electronic test 
equipment is now delivered. Fo our en¬ 
gineering customers whose principal in¬ 
terest is "when do I get it" rather than a 
detailetl explanation of delays in deliv- 


cases more liable to l»c affected bv high 
humidity than the measuring equipment 
its<df. This fai't indicates that the bridge 
reatlings of dissipation factor may apjwar 
to l)e high or low de|HMident iqMui the 
relative rates at which the iiiikmtwn 
condenser and the standard condenser 
in the bridge change their dissipation fac- 
t(»rs with hiimiility. W ithoiit a h\grom- 
eter this situation cannot Im* dermitely 
recognized except as the reading of ^lissi- 
pation factor Iht'oiiics ridiculously low 
or actually negative. A certain insta¬ 
bility of bridge balanct* will ap|M‘ar at 
relative humidities almve {M^rhaps 70%, 
as indicated by a more or le.ss steady 
drift of both capacitance and dissipa¬ 
tion fai'tor balance points. 

There is little that (*an In* done with 
existing measuring instruments to elim¬ 
inate this tyjN* of error, short of air con¬ 
ditioning. This shouhi preferably apply 
to the entire nN>m containing measuring 
equipment. 'Flieii the unknown unit is 
measured under standard conditions. It 
is also (Hjssible to dry out the measuring 
instrument by placing a ilesiccant, such 
as silica gel, inside its case. However, the 
amount of moisture which can S4*ep 
through the joints lM*tween panel and 
cast* and around the control shaft is 
amazing. L'ldess unusual care is taken, 
it will Ik* necessary to renew the desic¬ 
cant each working day whenever the 
relative humidity is alwive 70%'. 

Kobekt V. riEi.n 

LIVERY DATES 

cries, several words to clarify the pre¬ 
dicament of (b*neral Kadio M*em to Ik* 
in order. 

F.arly in the war it became apparent 
ibat there would Ik* severe shortages of 
man|N>wer and materials and that test 
instrument manulactiirers, sooner or 
later, would develop large shortage lists. 
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I'hi* inaterials sliorla*^* was ilm* not onl\ 
to a srarrity of ri^rlain hasir raw nia- 
l<*rials anil tin* iu*(Tssar\ inan|M)wer to 
proiTSS lliriii. hill also to an (ntni <jn*ater 
ftliortap* of a ronsiileralile nninhi'r of lin- 
islirii roin|ion<*nts w)h(‘h instriinient ron- 
trartors piirrliast* from snhrontractors. 

At first mainifaiMnrors attcmjiteil to 
estalilish the ilelivery seijnence of onlers 
from the nrjrenry statements of the inis- 
tomer. 'I'he |)riorily system s<*t ii|) at the 
he^innin^ iliil not cover test ei|ni|iment 
ami some other tools of proilnetion. 
Often the axle wliii’h scjneakeil the lonil- 
est "ol the most oil, since the maniifae- 
tnrer hail no inside knowledge of the 
basic war [dan nor any information as to 
how an order for a [larticnlar instrument 
fitted into the war (detiire. It heeaine 
necessary for elos<*r sii[K‘rvision hy the 
governmental agency which had Ikm’ii 
set u|» to determine the priority of orders 
for test equipment. This function is 
now administered hy the \\ ar Produc¬ 
tion Hoard, in cf)llahoration with the 
priH-iirement agemdes, which decides the 
relati\c imjM)rtance of orders placed hy 
the Army, Navy. Maritime (ioiiimis- 
sion, the |{rilish. Hiissian and (diinese 
(iovernmeiils. and all other hranches of 
the I nited Nalions war effort. 

For some time the s^Mjijence of ship¬ 
ments to ihesi* agencies has Immui decided 
solely hy the tactical urgency of the war 
[irohlem invidved. Snh-divisions of each 
agency set the nrgimcy of orders within 
the agency. 

\\ hen anyone places an order for elec¬ 
tronic test ei|nipmcnl it is now reipiin'd 
that very complete snpjMirling informa¬ 
tion Im‘ siqiplied to the \\ PH as to the 
tactical urgency in order that the proper 
delivery schedule may Lm‘ estahlished. 
d'his schedule is based ii|M)n two things: 


the production ea[)acity of the manii- 
factnrer (already e\[>anded to the limit) 
and the urgency of the war problem 
involved. 

After a delivery date has heim set hy 
\\ PH, the customer and the supplier are 
notified. 'Phe order then takes its place 
in the maniifaetnrer*s deli\ery schedide. 
ITie maniifai'tnrer makes everv effort to 
meet the delivery date and his efforts are 
supplemented hy I host' of the Ariny- 
Navy FJectronies FVodiiction Agency, 
which is in close touch with changes in 
urgency and with any shortages and 
bottlenecks which mav develop. All 
changes in scheduled deliveries are con¬ 
trolled hy the W PFT, and la'cmne neces¬ 
sary principally from two causes: 

(1) From frctpient changes in the war 
[)lan, the urgency standing of 
many orders changes from day 
to day. 

(2) Due to shortages of raw materials, 
finished com[)onents. and man- 
|M»wer. the maiinfactiirer's pro¬ 
duction schednie lags. 

When it iM'comes necessary for W PH 
to change a delivery date, the manufac¬ 
turer has no prior knowletlge of that 
fact, nor any information as to the rea¬ 
son for the change, lie is re<piired hy law 
to fill all orders in the st'fjuence de<*ided 
u[>on hy the W PH schedules. Apf)eals di¬ 
rectly to the manufacturer tc» reshuffle 
deliveries aiM’ordingly cannot Ik* acted 
upon. 

rile [)res<‘nt scheduling system at 
times results in re[H*ated disa[>[H)int- 
ments to onr <’ustomers. Its whole pnr- 
(K)s»*, however, is to sufiply w ar materials 
when and where they are most urgently 
needed. This, after all, seems to he the 
basic aim of war [irodnction. 
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